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/Motor Drive for A Wagon factory
I /nfrodvct/on
Tho factory of the Abingdon Wagon Company is located in
Abingdon, Illinois, a little town of about 3000 inhabitants in
the western part of the state. While employed there as engin-
eer the problem of motor drive suggested itself, and it is
the discussion of this problem with which this thesis is to deal
It was first thought that tests would be run on each
machine to determine the proper size and speed of the motors re-
quired, but the limited time which could be given to this work
and the trouble and expense involved, permitted only such tests
as cculd be made during the regular operation of the plant. The
company was very generous in allowing free access to their books
and records and gave all possible assistance in making the tests
and obtaining the data.
X Source5 of O/pfa/n/ng Data
There were three principal sources from which the data
was obtained: the books and records in the company's office,
actual tests of the machines, and records of similar installa-
tions published in current engineering magazines and in bulletins
from motor manufacturers.
Prom the books of the company were obtained the present
operating costs and the value of the boilers, engines .belts
,
shafting, etc., rs they appear in the estimate.
The average indicated horsepower lo .d of the machines v/as
obtained by means of an indicator on tho engines, the results

of those tests being shown in table number 6 and diagram number
4. Owing to the fact that these angina tests could not be ap-
plied to each machine separately and owing to the lack of time
and facilities to make individual tests with a rated motor, it
was found necessary to estimate the size of the motors required
from data on similar installations. Part of this data is shown
in table number 5. For those machines where no similar install-
ations could be found, the size of the motor required was esti-
mated from the speed and size of the driving belt, and these
results compared with installations which have boon made on ma-
chines of as nearly the same type and size as could be found.
This being purely a crse of selecting the motor by approximation,
the various reasons and assumptions made would be of little
value and hence the results only are given.
M_ Descripf/on of /^re^enf 3team /nsfaJ/afMn
The output of the plant consists of ordinary f-drm wagons
and wagon boxes. During the growth of the business it was
found necessary to extend the plant, and to do this the manu-
facture of the wagon boxes was assigned to a separate building
using the old engines and boilers, and a larger steam plant
was installed in the wagon department. The general layout of
the building is shown in diagram 1.
The engines in each department are belted to the main line
shafts as shown in diagram numbers 2 and 3, the machines being
grouped conveniently along the line shafts and driven in most
cases from overhead countershafts. This involves a large amount
of shafting and belting :-xnd a friction load much greater than the

actual load of the machines. The engines are of the plain slide
valve type, exhausting into a long trench-like cistern which
serves both as a heater and a storage for water, the cistern
for each plant holding enough water to run about ten hours. The-
engine and boilers at the Box department are quite old and of
very little value. The power plant of the 77agon department is
the newer installation and is in very good condition, although the
the engine is very poorly designed and causes some trouble
from worn rings and eccentric rods. Heat in winter is supplied
by the exhaust steam from the engines or live steam from the
boilers, and the dry kilns are heated by live steam exclusively.
Light during working hours is provided by a 10 k.w. D.G. generator
and from the service wires during the night or when shut down.
The specifications of these boilers and engines are given in table
number 4.
The stock in passing thru the factory is worked up in lots
of convenient size, each operation being finished before going to
the next nachine, and hence any one machine is operated only a
small part of the time during the day. The shaving exhaust fans
are the only exception, es they operate continuously at from half to
full load according to the number of machines being operated.
The present routing of the stock as it passes through the
factory is fairly satisfactory, and the idea of two separate
departments for the wagons and boxes with the warehouse in the
center prevents confusion of the materials and permits the manu-
facture of each product separately.

4The policy of the managers i s to operate stesdily the
pear round without much change in the number of men employed and
to allow the finished product to accumulate in the warehouse dur-
ing the dull season. This assures the men steady employment and is
the means of keeping a force of trained employees at the minimum
cost for labor
.
In the application of electric motors to the driving of
woodworking and machine tools which operate under conditions such
as are found in b factory of this kind, the requirements are so
varied that the proper installation in any given case can only
be determined by carefully studying all the conditions to be met.
There are four principal uses for energy in this plant
which must be supplied with any type of drive: heat, for the build-
ings in winter, heat for the dry kilns, power to drive the machines
and light
.
The two 90-horsepower boilers in the power plant of the
wagon department would be sufficient to furnish all the steam
needed the year. round, only one boiler being operated at a time,
lo data was available on the amount of steam used in the dry
kilns, except that during the night sufficient steam was produced
;
with the fires banked to keep them heated to normal temperature.
This would indicate that the amount of steam necessary for the
kilns is comparatively small.
Three phase squirrel cage induction motors are well
adapted to driving such machines as occur in this plant, and
. owing to their high speed and ragged construction, they may be

splaced closo to the machine v;hich they are to operate and drive
lirectly by means of a n exible coupling to the counter shaft
,
Dr a very short belt, ilo starting compensator is required on
motors under five horsepower, which are connected to machines
such as wood working tools, that have little inertia in their
moving parts and start practically without load.
In estimating the equipment for individual motor drive,
each machine has its own motor, thus eliminating all the main
drive belts from the line shafts, most of the counter shafts, and
all the line shafts and pulleys.
With group drive only those machines were grouped togeth-
er which require comparatively sm 11 amounts of power and are op-
erated successively as the stock is possed from one to the other,
these groups were selected by consulting the foreman of the shop
and by observing the operations as carried on by the workmen.
Power for the motors and for lighting could be obtained
from the .'bingdon Light and Power Company, which now operates as
a substation receiving power from the central station at Galesburg,
Illinois
.
The line shafts, pulleys, belts, etc. would have to be
removed and the engines and the boilers from the box department
torn down and removed. Some changes would also be necessary in
order to connect the heating system and dry kiln of the box de-
partment to the boilers at the wagon department.
The motors would be installed on the floor close to the
machine wherever possible, or overhead on the counter shaft in

6such machines as require two or more driving belts, such as the
large surface ps.
Y Q/5CU55/QQ of Ga/co/afed ffesu/Zy
The results as calculated in table No. 7 are primarily
to be used as a basis for comparing the costs of power for individ-
ual and for combination motor drive with that of the present stesci
plant, and hence only the items which would be affected by
changing to motor drive are considered. Results that are con-
sistent in all three cases are aimed at, rather than the abso-
lute determination of all the items wh ich may be charged against
the cost of power. The items will be discussed in the order in
which they appear in the table.
The costs of labor, oil, waste, repairs, otc. as given
in table Bo. 7, were taken from the books of the company and
are the actual figures for 1913. The cost of the coal was so
much per car at the nines plus the freight, which was not en-
tered in the fuel account and was estimated by the manager at
;55 for a 50-ton car md ,)25 for a 30 ton car. The costs includ-
ing installation of the engines, boilers, pumps, shafting,
pulleys, belts, etc. were taken from the estimate made by the
material
American Appraisal Company of Chicago in 1912, The only/changes
since that time have been the addition of clutches in the line
shafts to safeguard the employees, and the shifting of a few
machines from one position to another.
The cost of the motors was calculated from the list price
as given in the 1913 catalog of the Central Electric Company.
These prices are somewhat higher than those quoted by several

other firms and are assumod to cover the cost of installation.
Since a large proportion of the motors would be located on the
floor near the machines and would require very little labor to
install,, a discount of 10^ on the total cost as figured above
cover
was considered ample to/ «ne cost of installation. The wiring
installed, was estimated at $2J50 per outlet, which is no doubt
more than the actual installation would cost as the circuits
would be run overhead and down the posts to the motors without
any inconvenience in installing.
The cost of the motor attendant and fireman was estimated
at ?650 t the amount paid to oach engineer at the present time.
It is very probable that this would more than cover the expenses
for this item when combination drive is used, as the number of
motors is thereby reduced from 90 to 46.
The repairs on the motors and wiring were assumed to be
VfL of the cost, and belt repairs at Afj t since no data was
found on the subject. These items are comparatively small,
and hence an error of a few percent is of little consequence.
The rate of interest w?.s taken at on the capital invest-
ed and depreciation according to the rates given by R. H. Fernald
The value of the machinery which may be discarded when
motor drive is installed is a problem which can only be esti-
mated roughly. So data was available on this subject, and the
values as given are simply assumed on the basis of the intimate
knowledge which the writer has with the conditions existing
in the factory. By noting the distance of the machines from the

8lino shafts, the amount of belts that would be necessary with
individual drive was estimated at 25.3 of the present installa-
tion, and 35^ with comb ination drive. These are no doubt very-
generous estimates as the belts from the counter shafts to
the machines are much smaller than those from the line shafts to
the counter shifts. All the shafting and pulleys would be
discarded with individual drive, and it was estimated that 80^
would be discarded with combination drive. The countershafts
are not listed with the lineshafts, but come as part of the
equipment of each machine. The value of the belts was taken
at their present depreciated value, it being assumed that the
total value of the belts remains constant. The life of each
belt was taken as seven years according to depreciation
tables by Pernald , s above stated. The value of the discarded
boilers and engines was assumed as scrapvalue at 5fj of the total
cost installed. In each of the above instances, the scrap
value ?;as taken as the net value after the cost of removal had
beon deducted.
In order to obtain the not charge with motor drive the
interest at 6^ on the value of the discarded equipment was sub-
tracted from the gross charge. Taxes, insurance, office
charges, etc.
, were assumed to be practically the same for each
type of drive and hence did not need to be considered in this
problem.
The average load of the machines in the whole factory
throughout the year is a factor which is practically impossible
to determine with any degree of accuracy except by continuous

9records of some sort; therefore, no attempt has been made to do
so. A very rough estimate of the load is sufficiently accurate
for the results which are sought and therefore the maximum rangs
of the average load was assumed to be between 20 h.p.and 65 h.p.
Table I.'o. 7 showing the yearly cost of energy for various loads
and different prices per K.W.hr. is calculated for a r_ nge suffi-
ciently wide to cover any conditions liable to occur in this
pro blem.
71 Conc/vj/ons
In order to find a simple means of showing the results
of the estimates for the cost of power with the different types
of drive, the data was plotted in the form of curves as shown
in diagram IIo. 5. The ordinates represent the yearly cost of
power in dollars and the abscissae are cost of the energy in
cents per K.W.hr. The yearly cost of power' with various average
loads is shown with the price per K.'Y.hr. ranging from one to
four cents. The maximum allowable amount for energy with motor
drive was taken as the difference between the total charge for
power with steam drive and the charge for motor drive not in-
cluding the cost of the energy.
Let us assume that the average yearly load is 35 H.5?. , and
that the price of power is $.025 per Z. 17.hr. This load is
about the mean of the results from the test and from the estimates.
The price of energy as given is shown from the fact that the
company was offered power at this rate only a short time before
the tests were made. T.7ith these values of load and cost of energy

/o
the net saving in cost of power with individual drive is $3700
and with combination drive ,i3800. These results are only true
with the various assumptions that have been mentioned in making
the estimate , but granting that there may be considerable error
in some items , it is still evident that motor drive would show
an appreciable saving in the operating expenses of the plant.
Considering that the present steam plant could produce an
average load at the machine of 65 h.p. without any increase in
operating expenses, it would still effect a considerable saving
to install motors with power at $.025 per X.W.hr, and this rate
could be increased to nearly $.04 per K.W.hr. before the operat-
ing expense would equal that assumed for steam drive. The in-
installation of group drive, together with individual drive shows
the largest saving and is probably the type of drive that would
be installed.
She re are many advantages with motor drive that cannot
be capitalised at any definite amount, yet pre none the less
important in considering a problem of this kind.
The main object of any manufacturing plant is to obtain
the maximum output at the minimum cost. In machines which op-
erate intermittently the electric motor is the most efficient
type of drive, as it consumes no power while the machine is idle
and may be started and stopped frequently, thus saving power and
the wear and tear on long lines of belts and shafting which are
necessary with steam engine drive. Squirrel cage induction
motors require practically no attention, except oil once or
twice a month for the bearings and run at nearly constant speed

from no load to a considerable overload. The fact that they will
carry heavy overloads for a short time without injury permits
their use on machines such as swing cut-off saws, punches,
mortising machines, and boring machines, with a rating much above
the normal value for the motor. The routing of the stock as it
passes through the factory is a very important item in the
efficiency of production, and with motor drive the machines may
be placed at any convenient point without regard to the location
of line shafts or belts leading to other machines. A noticeable
feature of steam engine driven factories is the great amount of
shafting, pulleys, belts, and contershafts that are required to
transmit the power to the machines. These not only require power,
but they also shut off the light from above and take up
a great amount of space. The liability of accident is large
among belts and shafting, and such accidents are an appreciable
expense, especially in plants using wood working machines. Belts
are not only expe;iSive,but are rather short lived and are the cause
of frequent stops for tightening or repairs. With motor drive
the belts would be reduced to a minimum thus eliminating losses
due to frequent stops, slipping, etc. When power is bought from
a largo central station the service is practically continuous
and this is an important factor in obtaining the highest rate of
production.
In conclusion, the results of this investigation may be
summed up as follows:
A considerable saving in the cost of power would be effected
iI
by the installation of motor drive.
A combination of individual and group drive gives all
the advantages of individual drive , with a fewer number of
motors tnd a greater saving.
Due to the improved working cond it ion ,betterrouting of
the stock, and freedom from breakdown, the rate of production
could be increased materially without any increase in the size
of the plant, or number of men employed.
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26 Hollow chisel mortising mch.
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Dcniei jv.argeafinL /O. 3
27 Combined wood frame saw table
dilU UUI Hlg ludO J 1 J-Ilc. 3
28 Special wood frame saw (not In use)
*r>4 etna ou saws
29-30 c, DOWD k 6 Spi HQ !. 6 eQ £6 IT1UJ. ulllg O 5
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Ju s nd u i. rig iiiaciu 119 # AO 5
31 rosL gnna soone iu x <£ .5
33 Automatic Grinding Mch.
wheel 21" x l£".
.5 .5

34 Special wood frame saw table.
35 Double drum sanding machines.
36 Axle shoulder shaping machine,
Defiance Machine Works.
37 #4 Automatic skein setting and
fitting machine,
Union Foundry & Mch. Works
38 #5 Automatic skein setting and
fitting machine.
Union Foundry & Mch. Works.
39 #2-g- Automatic skein setting
and fitting machine,
Williams White & Co.
47 30 ton hydraulic skein pressing machine.
40 #0 Vertical flexible belt
polishing machine.
41 Universal vertical boring machine,
16" swing.
J. A. Fay & Co.
•±2 Special Wood frame double sander.
43 12" New Improved buzz planer,
Superior Mch. Works.
44 Hub boring machine,
A. W. Barnard.
45 #2 single belt polishing machine.
46 Horizontal single spindle boring
machine.
48 Wood frame hub lathe,
16" swing, 11 1 6" bed.
15
7.5
3
5
2
1
0.5
1

49 Wood turning lathe,
16" awlnfr n4" hpd 1
/6
50 24" Iron frame surface planer,
will nl anp fi" tVil^lr 3
^n a f t & 1 <5 j n r- 1 V> <= 1 + "> n 1 i ^ h 1 n cr mr»ViO £J O O — — OXi _L " UCl u ^ vl 1 J ili.HK illOil* X
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1
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53 Horizontal single spindle boring
machine with attached counter shaft,
8" spindle feed.
1
54 Improved felloe rounding mch.
O
Ci
jo *±t- A Ow WUUU J. X cS.lliC bail l<aUIC, TX.
56 #0 Door sticking machine 4' x 16".
#17995 used as a hub planer.
T A Pair i« f o
57 ^3 door and sash tenoning
mch., dJuble cutters, double
copes.
o • z\ • ray oc o ^ •
5
58 Improved climax wheel tenoning
machine for wheels to 5' dia.
T5i=>ntal V n r* c^rl Pi nt '"'n.
! 11 L - - . CIX KCUCtllU ^W •
59 #2 Automatic wheel
I XLUI.Xil^ Iiica.Oil-1 11G,
i/'C 1 XuilO c UlclOiiXIiCJ WVJX r\.o. w
60 Spoke driving machine,
Hurlbut Mfg. Co. 2

61
62
63
54
.37
36
Special 5 spindle tapping
machine.
Special single drum sanding
machine 24" x
#2 spoke tenoning machine,
double cutter single cope and
cutting off attachment. Head
6" dia. will cut 3-§* tenons
on 6" timber.
K. B. Smith Mfg. Co.
36" iron frame band saw,
36" x 2.-" iron wheels with rubber
cover, 28" x 34" iron table.
(Milwaukee) 50" steel plate
exhausting fan.
26" Surface planer,
\Utherbee Rugg & Richardson.
3 3
15 15
15 15

65 #3 Improved 80 ton low down
iron frame hydraulic wheel press
double pump, 5" adj. screw.
/0
Defiance II c h . Wk s
.
2 1
66 Iron frame belt driven beading
roll, rolls 2^/16" dia. 16" cap
between housings. 2
67 Hydraulic hub bander,
dies complete from 2jt to Z>i"
J. B. We'rit. 1
68-69 2 20" swing upright drill press,
W. R. & J. Barnes Co.
.5
.5
70a 12" swing upright drill press
power spindle feed and self- 2 1
contained cone counter shaft.
.5
71 Special wood frame power
grindstone 32" x 6". .5
72 Boss improved power Hammer.
Head and die weigh 45# 1
73 Special heavy iron shears, 24"
spur-gear, crank feed, fly wheel.
5
5
74 #2 Spur- geared Bulldozer.
Pace of crosshead 34i" x 6 3/4"
16" movement.
Williamb V."hite & Co. 5 5
76 #3 Adams single head bolt
cutter with counter shaft & pump.
(Group with ^60)
Detrick & Harvey. 2 2

ft rj
1 1 ^3 spur—geared power press /<?'7
on cast iron legs. 2" stroke.
51 x 5J- fly wheel,
Parker Pros. 3 3
ft QIO #2 double pov/er punching
and shearing machine .^901.
8 cut 7v, throat 28 x 7
fly wheels.
Koyersiord foundry & Mch. Co. 5 5
80 Iron frame tire bending machine
rolls 5 x dtj
. 1 Group with #76) 2
V, hi taker E. & S. Co.
ol #2 tire welding machine,
Long & Alstath Co. 2
#3 hydraulic tire setter, takes 2
wheels 30 to 5/ , 6 stroke
to pumps.
J. S» west. 2
83 #2 automatic wheel boxing
machine, for wheels from 20 to 60 . 20 20
Defiance machine works.
84 ^3 Cupola and forge blower.
P. F . Sturtevant Co. 2 2
Paint Shop.
85 20" upright drill press.
W. F. & J. Barnes Co. 1

zo
OD Iv'cTiinuen patent dipping tank
#oooU, o<o X do X oc Wlln .5
agi Lax, or.
uet-roiL ,<mt.e -^eaa mopks.
O 1 Xic W6L paint, grinding mac nine.
jonn Lucas & oo
.
1 1
o o i oinu mixing [jcxiin. uii vvruugnii
iron legs.
18" 1826 tank with agitator. .5
Mac nine onop.
yu swing / <c Deo. mac nine
Lat ne
.
A' .encan ivicn« • O O
douu i e Gfiierj' gr inaing s l <*nci # r;• O
"111111 in ew improved ot> Dana saw.
buperior w.acmne jorKs. »zO
11<S Horizontal single spindle boring
mac nine, l^ x iron uaoie,
o spindle travel. O
Superior Machine vvorks. O
113 Combined 6 spindle wood frame
Trapping mac nine ana oo x
wood i rame saw oaDie,
14 s aw
.
3
114 New improved 3" buzz planer.
Superior iviacnine nuiKb , 3 3
115 New improved heavy column
shaper. Tv;o spindles on to cenx,ei b. 5 5

116 Special 12 spindle tapping
machine for 10" x 6" wagon
box boards. 1
117 Special 12 spindle tapping
mac ine I or DOLLom dux Doaras, 1
• 113 Special 10 spindle tapping
machine for tap side box boards.
2
1
119 Special 10 spindle tapping
machine for 10" x 6" wagon
dox ooaras
•
1
120 Flexible shaft tapping mch.
with counter weight and
iriCLion drive
.
. 5
TOTLCL <c4 x 7 c drum sander for
box boards. 10 10
24 ' x 24" drum sander. 6
1 O "ZLc,o Iraint snop ; rami, clipping LanK
1^4 with agitator. c• D c• O
1^5 Single spindle bench cover. c• O c• O
TOO127 34" x 48" wood frame saw table.
dj - 18 rip saws
.
•7 K/ • O
TOO1^8 20" upright drill press.
... R . & J • Barnes. L 1
129 New improved swing cut-off
saw. 18" saw#
Superior *^ch. Works. 3 3

130 36" Invincible triple drum
surfacer, 8 roll power feed
Berlin Machine Works. 25 25
131 Tost grind Stone, (with 128)
132 36" x 72" wood frame saw table,
18" saw. 5 5
133 New improved 28" cabinet planer
for stock from l/8" to 6-|". 7.5 7.5
Superior Machine Works.
134 40" x 60" wood frame saw table,
18" saws-.
Superior Machine Works.
137 45" Steel plate exhaust fan.
Win. Bailey & Sons Co. 10 10
22

list of Motors.
23
Individual Drive Group Drive
.
Wood Dept.
No. H.P. T ist price Cost No. H.P. L£st price Cost
3 .5 $36 $103 1 .5 #36 <*36
14 1 45 630
6 2 55 330 1 2 55 55
14 3 62 863 6 3 62 372
5 5 72 360 8 5' . 72 576
2 7.5 130 260 3 7 ri 130 390
2 15 200 400 2 15 200 400
Blacksmith Dept
4 .5 $36 $144
4 1 45 180
6 2 55 330 4 2 $55 &220
1 3 62 62 1 3 62 62
3 5 72 216 3 5 72 216
1 20 230 230 1 20 230 230
Paint Department - wagons
.
2 .5 36
2 1 £5 op, 1 1
ltachl ne shop
.
m
1
-
5
«
$36 $36
1 3 62 62 1 3 $62 562
t

24
Box Department.
3 .5 $36 $108 2 .5 $36 #72
5 1 45 225 1 2 55 55
7 3 62 434 3 3 62 186
3 5 72 216 3 5 72 216
2 7.6 130 260 2 7.5 130 260
Q
IB X. DO p
1 25 270 270 1 25 270 270
90 304.5 $6201 46 248
Motor & Wiring.
90 outlets at $2.50 225 46 outlets at §2.5
$6426 §4148

Price List
Prices for belt drive,
for motors above 5 H.P
Three Phase - squirrel
Type H.P. Speed Volts
MA .25 1200 110-220
.5 1800
.5 1200 "
1 1800 110-440
1 1200 " "
2 1800 " "
2 1200 " "
3 1800 "
3 1200 " M
5 1800 " "
5 1200 " "
5 90C "
7.5 180C
7.5 1200 " "
7.5 900
10 1800 "
10 1200 " "
10 900 " "
15 1800
15 1200
15 900
20 1800 " "
20 1200 " "
Z?
of Motors.
sliding rails, starting compensator
Prom Central Electric Co., 1913.
cage- induction motors.
List Price
4P 36
36
40
45
55
55
71
62
82
72
100
130
130
170
190
155
195
215
200
230
260
230
270
From electrical supply co.,
in St .Louis, Missouri.
% 55.50
65
63
80
75
96
125
128
133
167
164
205
205
220
228

Tvoe H.P
.
Spe ed Volts List Price
MA 20 900 110-440 300 251
25 1800 M II 270 361
it 25 1200 n t» 295 378
25 900 ti » 335 399
Equation for cost of polyphase induction squirrel ca
motors from notes by A, A. Potter in "Power". -
cost in dollars 116 +- 4.75 H.P.
This equation is true only above 10 H.P.

Z7
T/jdLE 4 Cost of Power Plants, Shafting, etc.
From data by American Appraisal Co., Chicago, 111.
Box De part me nt
.
110. Frost Mfg. Co.
it i\. c c- Li<Ji x lj l/h l> <x x aiuc
crank slide valve engine
box frame, fly ball governor
10" x 4^" x 4^ M fly wheel |700
5' x 21" band wheel. Freight & inst. 80
$780
100 2- J. T. Cullen (Clinton la)
101 54" x 15' horizontal return tubular
boilers, 38 - 4" tubes, plain grates
full flush cast iron fronts, 30 w x 30"
steam drums. Installed ;|xyou
102 1— Knowles steam nui;in
6x4x6 #128694. horizontal
duplex piston type steam pump. 90
Freight & inst 9
$99
Wagon Department
1-2 2- Frost Mfg. Co (Galesburg, 111.)
60" x 18' horizontal return tubular
boilers, 46 4" tubes, half cast iron
front, shaking grates, butt joint double
riveted on horizontal seams.
Installed $2300

#3 1- Knowles Steam Pump Work3
6x4x6 #110923-4 horizontal
duplex piston type stean pump.
iron rods & lining Installed $99,00
#10 Frost Mfg. Co.
14 1/4" x 20" horizontal, side crank,
balanced slide valve, inertia governor.
84" x 24" fly and belt wheel.
Installed 1950

Shai t nig
*9
Wagon Department
Engine Room
#1 Shaft, collars, hangers.
Installation 35$ 4+K r? c 1 A$oo / • 10
Wood Dept.
#1 continued $280 . 62
#10 ry jitYD . 41
#11 36 . 73
#12 22. 70
#13 12 . 50
Installation 35$ IcO . 21 $579 . 17
Blacksmith Dept.
T
#11 continued $81 . 21
#14 16. 92
#15 16. 16
#16 9 . 00
Installation at 35$ 43. 20 Jjj>16o . 49
Paint Dept.
#11 continued |lo. 96
#16 12 . 80
"t" i
_t "1 _ x 2 _ — X 7 r /</Installation at 35$ 10. 40 $40 . 16
itfillwright work
#1 Wagon Dept. $93. 84
#10 29. 68
•
#11 14. 40
#12 3. 04
r • #13 4.48

JO
#11 Blacksmith Dept.
#14
#15
Outside Building
#1 Shaft, collars, etc.
Installation
Millwright work
Total cost
25.28
6.88
6.24
$38.00
13.30
10.40
il83.84
$61.70
$1388.46

J/
Shafting
Box Department
Box Dept.
#20 $171.66
#21 143.15
#22 5.69
Installation at 35# 112.18 $432.68
Millwright work
#20 $63.60
#21 72.96
#22 8.92
Pulleys & idlers 58.00 $635. 96
Total cost of installation in Box Dept. $1068.64
Total cost of installation in both Depts. $2457.10
Cost of materials alone - shafting, collars, hangers.
Wagon Dept. $532.01
Box Dept. 320.50
Engine room 264.50
Outside Building 38.00
Total $1155.01
Pulleys
Shaft #1 Engine room $103.32
14 #1 Wood Dept. 300.07
" #10 M " 181.45
#11 Blacksmith Dept. 100.35
#20 Box Dept. 178.23
" #21 " 53.49
Total $ 916. 91

Belts
Engine room - installed $379.61
7/ood Dept. 911.79
Blacksmith Dept. 345.20
Paint 1 40.05
Box 1080 .84
Total $2757.49
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77}&/-E jT Name and size of Machine
TTP
j
13 Direct Connected 4 roll sander
ii it do pxaner
beilda 2 spindle shaper
cO
ti
n xcnomng v.iu cninc
,
— oo udna saw
5 it Small sticker
5
ii 20" jointer
5 ii Swing saw,- rip saw
Rockford Cedar Furniture Co. Rockford, 111.
5 Belted 36" band saw
D Line shaft 1- triple boring machine,- 1 tenoner,-
1 emery wheel,- 1 single spindle shaper
2 Belted Belt sander
1
it 2 spindle boring machine
D n 2 spindle shaper
D
ti
"Embossing machine,- 6 spindle adjustable
boring machine,- reamer,- turning lathe
2 ii 2 hydraulic presses
3 ti Buck shap e r
Miscellaneous articles in Sle c . Review.
X J Belted 28" planer,- #1 blower
lb ti 42" sander, - #2 "
5 ii Two spindle shaper
1
n Two spindle boring machine
3 ii Buck shaper
Hafner Furniture Co. Chicago, 111.- sofss, couches.

34
3
3
3
7.5
5
7.5
2
20 43" Berlin triple drum Bander
TCilmarth Show Case Co., Grand Rapids, Mich.
2 Pelted to 36" band saw
single spindle shaper
16" swing cut off saw
12" jointer
4 sided molder
12" rip-saw
A Pay 24" single surfacer
Cut-off saw
Box Factory ' name not given.
5 Belted 16" rip-saw
3 " Cut-off saw 1
15 " 4 roll sander
15 " 36" planer and 36" jointer
3 " 16" cut-off saw
5 " 16" rip-saw
5 " 36" band saw and one jig saw
Rockford Superior Furniture Co., Rockf ord , 111.
5 Line shaft 12" American belt sander,- 1 Beach jib saw,-
one Porter turning lathe,- 1 Fay shaper,- 1-36" band saw
7.5 Belted 30" blower
5 " 36" planer
3 liine shaft - 1 §2\ American horizontal boring machine,
-
1 Dodd swing cut-off saxv
3 Belted Jones #16 rip-saw,- 1 Fay & Egan 12" jointer
10 " 18" rip saw
7.5 " 3C " drum sander

7.5 Belted Double end cut-off saw
5 " 24" planer
5 " 16" hand jointer
The above taken from miscellaneous articles in the
Western Electri cian, (Electrical Review).

Data furnished by American Wood Working
Machine Company, Rochester, New York.
Machine Size Vert ical
Cap
.
Horizontal
Cap
.
HP
Band Saw 42" 20" 42" 3-4
H it 36" 16" 36" 2-4
N •> 34" 12" 33.5" 1 .5-3
t» II 30 " 12 " 24" 1 . 5-3
Rip Saw #2 24" 5" 5-10
it it #3 16" 20 " 7 .5-15
n it #6 30 " 36" 10 - 20
Double Cut-cff Saw #2-3-4 5-10
Swing Saw, heavy 7 . 5-15
" "
, medium 5-7.5
"
, light o-o
Combination Saw & Dado
#7.5 21" 1" 4-7.5
ti it it
" 11-12 15" 4" 4-7.5
Vertical Borers #1-2 3-5
Horizontal Boring
Mch, #i-2i 1-4 -
Heavy Power Mor-
t iser L
4-7.5
it tt it #2-3 3-5
Bit #4 O-O
Heavy double door
sticker #6 13" 4" 5
Sash sticker 3-5
it it #1 4- r .
Two spindle shaper #2ir Z »7 KO- / .
it it it #3 3-5
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Tenoning machine //l 20" r
1 N 5-10
ii m #2i 15" C 1 A0- 1U
Column Sander C — CJ
Surface sanding
machine #15 L—o
Sand Belt #5
1 Tl-o
ti ti #8 i-o
3 drum sander 30" 10-20
it ii N 60"x72 " 15-25
ii ti '» 30 "x42" 25-35
One drum sander 30 "x42" f .0-10
Two drum sander 30 "x42" 10-20
4 sided molder #20 8"x4" 8-15
n ii H #1 6"x4" 5-10
3 #1 8 x4 5- /5
2 " #1
A It > Ft
6 "x4 4-5
-i ii tii #1 O X4 o o
6 roll planer &
surfacer £<± XO
4 roll double
surfacer #4o OU AO 90-35
6 roll double
surfacer #51 30 x8 10-cD ,
Single surfacer #5
' 24 x8 U-1U
Jointer & buzz planer #1 8 xl6 O-
ii i» #1 30 "x36" 5-7.5

//foLn 6 Engine Tests
Wagon Department Feb. 9- 10 1914
Time Speed
Area
Head
Area
Crank
M E P
Head
M E P
Crank R Head R Crank
Total
I H P
8.00 193 2. 28 1. 93 27.25 21.87 55. 10 72. 85 97. 95
8.05 195 1 . 88 1.59 22.46 18. 78 45. 90 37. 10 85.00
8.10 1-97 1.96 1.62 23.41 19. 58 48. 30 38. 70 87. 00
15 195 1.99 1.60 23.80 19. 12 48. 50 37. 70 86.20
20 192 2.10 1.63 25.10 19. 49 50. 40 37.90 88.30
25 186 1 . 39 1. 90 16.60 22.72 32. 28 42. 80 75.08
30 183 1.95 2.19 20.30 26.18 74. 60 48. 40 93.00
35 187 1 . 77 2.05 21. 18 24.50 41. 40 46. 40 87.80
40 186 1. 58 1. 87 18.89 22.38 36. 70 42.10 78. 80
45 185 1.71 1.93 20. 42 23.06 39.70 43.25 82. 95
50 188 1.69 1.77 20. 20 21. 18 39. 70 40.30 80.00
55 186 1.58 1.58 18.9 20.06 36.75 37. 74 74. 49
9:00 184 1. 60 1.75 19.12 20.92 36. 80 38.95 75. 75
05 186 1. 50 1.68 17. 92 20.06 34.85 37. 80 72.65
10 187 1.71 1.80 20.42 21. 54 39.90 40.70 80.60
15 185 1.63 1.86 19. 48 22. 21 37. 70 41. 65 79.35
20 186 1 . 56 1. 98 16.52 23.64 32.15 44.60 76.75
25 187 1.66 1.98 19.85 23.64 38.80 44. 80 83.70
30 186 1.65 1.77 19.72 21.18 38.32 39.90 78. 22
35 183 1 . 70 1. 72 20.32 20. 58 38. 82 38. 15 76. 97
40 186 1. 62 1.68 19.37 20.06 37. 60 37. 82 75.42
45 187 1 . 64 1.76 19. 60 21 . 02 38.30 39. 82 78.12
50 184 1 . 85 1. 94 22.
1
23. 2 40. 65 43.2 83.85
55 184 1 . 68 1.85 20.06 22. 10 38. 60 41.15 79. 75
10:00 183 1.82 2.03 21.77 24.28 41.60 46. 45 86 . 05

J9
05 186 1. 64 1
.
70 19. 6 20. 35 38.
1
37.3 75.40
10 190 1
.
74 1. 78 20. 80 21 . 28 41.40 41.00 82. 40
15 184 1. 78 1 86 21. 28 22. 23 41.00 41.45 82.45
20 188 1. 68 1 96 20. 06 23. 40 39. 40 44.60 84. 00
25 191 1. 55 1 95 18. 53 23. 32 37. 00 45. 10 82. 10
30 188 1 51 1
.
90 18. 05 22. 70 35. 48 43. 25 78. 73
35 189 1. 50 1 81 17. 92 21 . 64 35. 41 41. 50 76. 91
40 190 1. 63 1. 71 19. 48 20. 42 38. 70 39. 35 78. 05
45 190 1 60 1. 69 19. 12 20. 20 38. 00 38. 85 77. 85
50 189 1. 70 1 89 20. 32 22. 60 40. 10 43. 30 83.40
55 188 1 74 1 84 20. 80 22. 00 40. 90 41. 80 82.90
1 .00 189 1. 55 1. 62 18.02 19.38 36. 60 37. 10 73.70
11 05 190 1. 64 1. 66 19, 60 19. 84 39. 00 38. 20 77.20
10 181 1. 80 1. 75 21. 54 20.94 40. 80 38. 20 79.00
15 187 1. 69 1 69 20.20 20. 20 39. 50 38.30 77.80
20 186 1 70 1 72 20. 32 20. 58 39. 58 38. 72 78. 30
25 189 1. 78 1 70 21. 27 20.32 42. 10 38.90 81.00
30 189 1 95 1 75 22. 10 20. 92 38. 10 40.01 78. 11
35 189 1
.
61 1 59 19. 23 19.00 38. 02 36.40 74.42
40 188 1. 58 1 68 19. 00 20.08 37.40 39.65 77.05
45 188 1. 54 1. 55 18.40 18. 52 36.21 35.35 71.56
50 188 1. 67 1 61 19. 98 19.24 39.30 36. 70 76. 00
55 190 1. 56 1. 68 18. 65 20.08 37.08 38.64 75.72
12 00 195 1. 35 1. 46 15.13 17.45 30. 15 34. 50 67. 65
1 . 00 192 1. 31 1 62 15. 64 19.38 38. 90 37. 70 76.60
.05 192 1. 55 1 83 18. 53 21. 86 37. 25 42. 60 78. 85
10 188 1. 77 1 96 21. 2 23.45 41. 7 44.
1
85.80
15 166 1. 73 1. 90 20. 68 22. 71 40. 20 42. 85 83. 05

20 184 1. 71 1. 86 20. 74 22.21 39. 40 41.50 80. 90
25 184 1. 65 1. 87 19. 72 22.38 38. 00 41.65 79. 65
30 182 1. 64 1. 79 19. 60 21.40 37. 22 39.42 76. 64
35 184 1. 60 1. 67 19. 12 19.97 36. 80 37.20 74. 00
40 187 1. 65 1. 65 19. 72 19.72 36. 60 37.40 76. 00
45 185 1. 65 1. 72 19. 72 20.58 38. 20 38. 50 76. 70
50 182 1. 70 1. 69 20. 34 20.20 38. 65 37.22 75. 87
55 188 1. 83 1. 85 21. 85 22.10 43. 00 42.10 85. 10
00 186 2. 00 2. 09 23. 90 25.00 46. 50 47.10 93. 60
05 187 1. 80 1. 78 21. 54 21.27 42. 10 40.30 82. 40
10 188 1. 63 1. 67 19. 46 19.95 38. 26 37.85 76. 21
15 186 1. 87 1. 78 22. 36 21.28 43.40 40.12 83. 52
20 187 1. 68 1. 72 20. 10 20.58 39. 30 39.00 78. 30
25 188 1. 80 1. 77 21. 52 21.17 42. 25 40.30 82. 55
30 182 1. 78 1. 83 21. 26 31.84 40. 50 40.30 80 . 80
35 190 1. 79 1. 75 21. 40 20.92 42. 50 40.30 82. 80
40 180 1. 87 1. 78 22. 38 21.28 43.28 39.95 83.23
45 182 2. 25 1. 87 • 26.40 22.38 47. 70 41.33 91.03
50 192 1. 89 1. 92 22. 60 22. 94 45.50 44.62 90. 12
55 187 1. 75 1. 84 20.90 22.00 40. 80 42.35 83. 15
00 182 1. 60 1. 67 19. 12 19.95 36. 38 36.80 73. 18
05 186 1. 74 1. 30 20. 80 20.34 40. 50 38.34 78. 84
10 195 2. 12 1. 90 20. 24 18.15 41. 30 35.82 77. 12
15 198 2. 14 1. 79 20. 42 17 . 10 42. 35 36.87 79. 19
20 197 2. 28 1. 92 21. 80 18.35 74. 90 36.70 81. 60
25 202 2. 26 1. 35 21. 60 17.68 75. 60 36.20 81. 80
30 202 2. 11 1. 72 20. 18 16,43 42. 60 35.62 76. 22
35 98 2. 27 1. 91 21. 68 18.25 44. 90 33. 20 78. 10

40 190 2. 20 1. 73 21.00 16.52 43. 50 33. 15 76. 65
45 198 2. 71 2. 26 25. 90 21.60 53. 65 43. 35 97. 00
50 197 2. 49 2. 00 23.80 19.11 49. 10 38. 20 87. 30
55 197 2. 48 2. 02 23.80 19.30 49. 10 38. 54 87. 64
4 :00 198 2. 12 1. 87 20.25 17.88 42. 00 35. 80 77. 80
05 202 2. 14 1. 70 20. 45 16.25 43. 20 33. 30 76. 50
10 201 2. 16 1. 75 26.20 16.72 55. 00 34. 20 89. 20
15 202 2. 29 1. 80 21.88 17.20 46. 18 35. 20 81. 38
20 204 2. 23 1. 83 21.32 17.50 45. 45 36. 18 81. 63
25 208 1. 73 1. 42 20.68 16.98 45. 00 35. 70 80. 70
30 208 1. 85 1. 52 92.55 18.17 48.90 38. 25 87.15
35 209 1. 90 1. 57 22.65 16.78 49. 60 35. 56 85. 16
40 203 1. 89 1. 55 22.60 18.53 48.00 38. 15 86. 15
45 203 1. 80 1. 47 21.50 17.58 DO 36. 18 81. 83
50 206 1. 91 1. 48 22.81 17.69 49. 15 36. 90 86. 05
55 212 1. 66 1. 45 19.83 17.32 44. 00 37. 20 81. 20
5.;00 209 1. 78 1. 47 21.27 17.58 46. 50 37. 22 83. 72
05 204 1. 84 1. 41 22.00 16.86 47. 00 34. 60 81. 40
10 200 1. 74 1. 42 20. 80 16.98 43. 48 34. 40 77. 88
15 202 2. 24 1. 87 26.78 22.34 56. 60 45. 65 103. 15
20 204 2. 16 1. 78 25.82 21.28 55. 60 44. 50 100. 10
25 204 2. 36 1. 89 28.20 22.60 60. 65 47. 15 107. 80
30 202 2. 16 1. 80 25.80 21.50 54. 50 44. 00 99. 50
35 201 1. 95 1. 66 23.30 19.32 49. 00 40. 40 89.40
40 201 2. 11 1. 83 25. 22 21.94 53. 00 44. 70 97. 70
45 204 2. 12 1. 75 25.34 20. 92 54 00 43. 60 98. 60
50 204 2. 17 1. 74 20.95 20.80 55. 35 43. 40 97. 75
6
55
:00
205
206
2.
1.
25
77
1.
1.
83
82
26.90
21.18
21. 94
16.96
57.
45.
60
50
46.
35.
00
70
103.
81.
60
20
Avera ge - 80 -43-

Engine alone.
192 .340 .540 4.06 6.45 8.15 12.5 20.65
192 .35 • 59 4.19 7 .05 8.40 13.7 22.10
192 .32 .57 3.83 6.81 7.69 13.22 20.99
Average 21.24
Engine - Exhaust fan - Line shaft.
TOT191 1 o oL»c3 1.39 15.41 16.60 30.80 32.08 62.84
T OAi 9 LJ 1 .35 1.38 16.15 16.50 32.10 31.70 63.80
191 1 .27 1.39 15.20 16.60 30.35 32.10 62.45
Average 63.04
204 1 .48 1 .18 17.61 14 .05 37.58 29.00 66.58
204 1 .61 1 .21 19.24 14.48 41.05 29.90 70.95
204 1 .57 1.18 18.78 14.10 41.10 29.15 69.25
204 1.82 1.45 21.78 17.33 36.30 35.82 82.22^"
Average 68.93
After 600 Lights on.
204 1 .76 1.41 21.05 16.87 42.90 34.41 77.31
205 1.83 1.44 21.87 17.21 46.65 35.58 82.23
Average 79.77

Time Speed Head
3.30 128 1.84
35 128 1.80
40 131 1.82
45 129 1.78
50 128 1.76
55 128 1.72
9.00 128 1.74
05 126 1.85
10 128 1.81
15 130 1.85
20 129 1.67
25 129 1.75
30 128 1.74
35 128 1.83
40 130 1.60
45 128 1.61
50 129 1.84
55 129 1.31
10.00 131 1.63
05 130 1.63
Box Department
Crank
M E P
Head
M E P
Crank
2.00 12.06 13. 09
2 .04 12 . 08 13. 39
1.96 11 . 92 12 .86
2 .02 11.63 13.24
1.99 11.53 13 .05
1 .89 11.29 12 .40
1.95 11.41 12.80
2 . 09 12 . 12 13 . 71
2.04 11 . 38 13. 39
2 .03 12. 12 lo. 50
1 . 86 10. 95 12 . 20
1 .88 11 .48 12. 99
1 . 94 11 .41 12. 72
2.01 11.88 13 . IS
1 . 82 10 . 50 11 . 92
1 . 84 10.57 12 .OS
2.01 12.03 13. 19
1.85 11.83 12. 79
1.83 10.69 12.00
1.83 10.69 12.00
Head Crank
13.2 14.02 27.22
13.20 14.32 27.52
13. 38 14.10 27.43
12.80 14.30 27.20
12.62 13.93 26.60
12.33 13.23 25.61
12.49 13.70 26.19
13.10 14.46 27.56
12.99 14.32 27.31
13.50 14.45 27.95
12.03 13.06 25.16
12.65 14.01 26.66
12.49 13.62 26.11
13.12 14.10 27.22
11.67 12.98 24.65
11.55 12.92 24.47
13.31 14.22 27.53
13.05 13.30 26.85
11.97 13.15 25.12
11.87 13.04 24.91

Box Department
Individual Tests.
Idle
Speed Area Area
Head Crank
#130 SurfS cer - Sander
129 2.02 2.36 13.22 15.43 14 . 56 16.70 31.28
129 2.05 2.36 13.44 15.48 14.82 16.70 31.52
127 2.70 3.18 17.70 20.84 19.21 22.18 31.39
127 2.85 3.10 18.70 20.35 20.30 21.80 42.10
127 2.67 3.01 17.50 19.72 19.00 20.93 39.93
127 2.74 ^ n^O . UO 1 7 Q7 pn noC\J . UU 1 Q pi ppc x . c c An 79
124 2.39 O . OU 1 P QR PP QRC C . Z7 D pn i n co . ou a ^ an
124 3.52 O . DD p^ np OE / OicO . 'xC pa ^n pa /inCD . '±U ou *\3C
124 3.44 7 QQo • oy O Q t=. Q. Do PRc0> OU 07 an PA A 7 OU • /
124 3.41 7 A A PP Rfi Q7 7A(OO • fU P ^ RA A 7 PA
124 3.60 c . r PA R
1
PR 1/t
<o • lit p r AnCD . *tu Eft C/1OU . O^b
56 Planer
131 2.00 2.23 13.10 14.62 14.65 16.03 30.63
131 1.89 2.23 12.39 14.62 13.85 16.03 29.88
127 2.70 3.20 17.70 21.00 19.80 22.35 32.15
127 2.91 3.20 19.10 21.00 21.36 22.35 43.73
127 1.90 2.18 12.45 14.30 13. 92 15.20 29.10
127 2.45 2.82 16.08 18.50 14.20 19.68 33.88
127 2.55 2.92 16.72 19.14 18.70 20.38 39.08
127 2.51 2.84 16.50 19.32 18.48 21.18 39.66
127 2.23 2.42 14.62 15.38 16.37 16.89 33.26

#157 - Exhaust fan
#133
136 .95 1.14
136 .92 1.10
136 .95 1.10
136 .93 1.06
- Engine alone -
136 .52 .61
136 .55 .63
136 .53 .64
136 .53 .67
136 .52 .58
- Planer
128 2.12 2.30
130 2.14 2.41
130 2.24 2.40
128 1.91 2.10
128 2.00 2.19
128 2.00 2.16
127 2.26 2.45
127 2.20 2.49
127 2. 10 2.44
X
6. 24 7 .50 7.41 8 .53 15.94
6 . 04 7 .21 7.02 8 .49 15.51
6. 24 7 .21 7.25 8 .49 15.74
6. 10 6 .95 7.09 7 .86 14.95
Average - 15.53
fan belt off.
4-1 4 .00 3. 96 4. 52 8 .48
4 .14 4. 20 4.68 8 .88
. ( o 4 .20 4.05 4. 75 8.80
• Ol 4. 40 4.42 4. 98 9 .40
3 .81 3. 98 4. 34 8 .32
Average - 8. 77
13.90 15.07 15.22 16.12 31.34
14.03 15.80 15.61 17.18 32.79
14.70 15.75 16 . 34 17.12 33.46
12.52 13.78 13. 70 14.73 28.43
13.12 14.38 14.38 15.33 29.76
13.12 14.18 14.33 15.18 29 . 56
14.82 16.08 16.12 17.10 33.20
14.42 16.33 15.70 17.39 33.09
13.80 16.05 15.01 17.03 32.04

Steam Engine Drive
Coal $4050.09
Oil 211.16
Grease 59.20
Waste 22.42
Engineer's Salary 1300 . 00
Engine repairs 1 JO . 00
Boiler compound 177.40
7eed pump repairs 35.90
Shafting & pulley
3^ on 3374.01
repairs
67.48
Belt repairs - 4$ on 2757 .49 110.30
Boiler repairs 100.00
Pac king- 93.20 $6327.15
Interest & Depreciation
Belts 20'^ on $2757.49 ,$551. 50
Shafting & pulleys, etc. 10% " 3374.01 337.40
Engine 11 o. 10 14fo " 1950.00 273. 00
Boilers .pumps .piping , etc .16^ 2399.00 383. 84
Engine #110 14^ " 780.00 109. 20
3oilers .pumos .piping .etc .16^ " 2049.00 327. 84
$1982.7 8
Total Charge $8309.93

47
Individual Llotor Drive
Goal 10$(0f cost with steam drive ) $405 . 00
Oil 25$ 52 79
Grease 25$ 14.80
Waste 25$ 5.60
Packing 10$ 9.32
Boiler compound 10$ 17. 74
Feed pump repairs 30$ 10. 77
Belt repairs 25$ 27.57
Boiler repairs 30$ 30.00
luOtor and wiring repairs 2$ of cost ($6426) 128.52
motor attendant and fireman (Same as steam engineer) 650.00
1352. 11
Interest and depreciation:
Belts 20$ on $689. 37 (25$ of present installation) 137.87
Boilers, pumps, etc . 14$ on$2399.00
(Boilers and pumps at Wagon Dept.) 383.84
Motors, firing, etc . 14$ on$6426.00 899.64
1421. 35
Value of discarded machinery:
First Cost Oost amt . Present val.
Discarded in $ 1st cost
Bait8 ; 275 7. 49 $2068.11 57$ 1178.82
Engines & Boilers
Engine #110 780
£ 10 1950
BoilersfllO 1950
4779.00 4779.00 5$Pump for#110 99 238.95
Shafting & Pulleys 3374.01 25$ 843.50
2261.27
2773. 46
Deduct interest on $2261.27 at 6$ 135. 67
Ilet charge not including cost of electrical energy$2637. 7$

46
C onb i n at i o n individual and crou'o motor dr ive
Coal 10$ (Of cost with stoam drive ) #405. 00
Oil 25$ 52.79
Grease 25$ 14 . 80
Waste 25$ 5.60
Packing 10$ 9.32
3oilor compound 10/5 17.74
7eed muni) repairs 30 j 10.7 7
Belt ropairs 35$ 38.60
Boiler repairs 30$ 30.00
Motor and firing repairs 2$ of cost( $4148.00) 82.96
Shafting repairs 8$ of cost( $674 . 80) 13. 60
Llotor attendant and fireraan(sarae as steam engineer) 650.00
1331.16
Interest and Depreciation:
Bftlte 20$ on 965.12 (35$ present installation)
,
Boilers
,
pumps .piping, etc .16$ on 2399.00
Motors and wiring, 14$ on 4148.00
Shafting, pulleys , etc. 10$ on 674.80(20$ pres. install' n)
193.02
383.84
680.72
67.48
1325. Oi
Value of Discarded machinery:
First Cost Cost Amt. Pres't.val.
Discarded in $ 1st co St
3elts 2757.49 1792.37(65$) 57$
Engines, boilers, etc. 4779.00 4779.00 5$
Shafting, pulleys
,
etc. 3374.01 2699 . 2&( 80$) 25$
1021.65
238.95
674.80
1935.40
Deduct interest at 6$ on ^1935. 40 2656.24116.12
2540.12

49
Estimated Average Load
Footer gives the following data:
Total lio.
Install at i ons
Connected motor
Load, Times
average load
Carriage works Group 22 35.4
Llachine shops Group 51 34.5
Blacksmith Shops Group 12 34.2
Wood working shops Group & Ind. 64 34.4
Average 34.4
Applying tnis constant to the prohlem:
Connected Load Av.load with>
out fans
Av.load with
fans
Individual drive 304.5 II. P. 0.82 33.82
Combination drive 248.0 H.P. 7.20 32.20
Average load from Engine tests.
Wagon Dept.
Total average indicated horse power - 9 hrs. 00.43
"
*' " " friction load 49.40
Average load of machines and fan 31.03
3ox Dept.
Total average indicated horsepower - 2 hrs. 26.60
"
" " friction load
r
Average Load of machines and fan
17.44
9.16
Total average loud in both departments 40.19
Estimate of yearly cost of power for various average loads and
different prices per Il.V/.hr. Exhaust fans assumed to run contin-
uously at full load of 25 H.P. 3000 working hrs. per year.

Price of power per K.W.hr, .01 .02 .03 .04
M It 11 It H.P.yr. 22.38 44. 76 67.14 89.52
Exhaust fans 25 HP 559.20 1119.00 1679.00 2240.00
Load of machines 10 " 223.80 447.00 671.40 895.20
20 " 477;60 895.20 1342.80 1790.40
30 " 671.40 1342.80 2013.40 2685.60
40 " 995 .20 1790.40 - 2695.60 3580.80
Total cost - machines and fans
35 " 783.00 1566.50 2350.40 3135.20
45 " 1036.80 2014.20 3021.60 4030.40
55 " 1230. 60 2461.80 3692.40 4925. 60
65 " 1454.40 2909.40 4314.60 5820.80
Comparison of Power Costs.
Total cost of Power steam drive !;8309.93
"
" " "less energy cost - individual drive 2637.79
" " " " " " - combination drive 2540.12
Llaximum allowable amounts for energy-individual drive ,^5672. 14
" " " Combination drive 5769.01
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